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CALIBRATED REPRESENTATIONS OF AFFINE
YOKONUMA-HECKE ALGEBRAS
WEIDENG CUI
Abstract. Inspired by the work [Ra1], we directly give a complete classification of
irreducible calibrated representations of affine Yokonuma-Hecke algebras Ŷr,n(q) over
C, which are indexed by r-tuples of placed skew shapes. We then develop several ap-
plications of this result. In the appendix, inspired by [Ru], we classify and construct
irreducible completely splittable representations of degenerate affine Yokonuma-Hecke
algebras Dr,n and the wreath product (Z/rZ) ≀ Sn over an algebraically closed field of
characteristic p > 0 such that p does not divide r.
1. Introduction
1.1. Motivated by [Ma] on the dimension of the irreducible FSn-modules over an alge-
braically closed field F of characteristic p, Kleshchev [Kle] studied a class of FSn-modules,
called completely splittable, on which the Jucys-Murphy elements act semisimply. Ruff
[Ru] classified and constructed the irreducible completely splittable representations of
degenerate affine Hecke algebras, also recovering Kleshchev’s work. Later on, Wan [Wa]
classified and constructed irreducible completely splittable representations of affine and
finite Hecke-Clifford algebras over an algebraically closed field of characteristic not equal
to 2.
Similar objects have arisen in many other contexts and might be used in different ter-
minology, for example Gelfand-Zetlin [Ch, OV], seminormal [Mat], homogeneous [KleRa].
In particular, Ram [Ra1] generalized the classical construction of A. Young to classify
and construct all finite dimensional irreducible calibrated representations of affine Hecke
algebras of type A, and generalized the construction to other types in [Ra2]. This is the
class of representations of affine Hecke algebras for which there is a good theory of Young
tableaux.
1.2. Yokonuma-Hecke algebras were introduced by Yokonuma [Yo] as a centralizer al-
gebra associated to the permutation representation of a finite Chevalley group G with
respect to a maximal unipotent subgroup of G. The Yokonuma-Hecke algebra Yr,n(q) (of
type A) is a quotient of the group algebra of the modular framed braid group (Z/rZ) ≀Bn,
where Bn is the braid group on n strands (of type A). By the presentation given by
Juyumaya and Kannan [Ju1, Ju2, JuK], the Yokonuma-Hecke algebra Yr,n(q) can also be
regraded as a deformation of the group algebra of the complex reflection group G(r, 1, n),
which is isomorphic to the wreath product (Z/rZ) ≀Sn.
Recently, by generalizing the approach of Okounkov-Vershik [OV] on the representa-
tion theory of Sn, Chlouveraki and Poulain d’Andecy [ChPA1] introduced the notion of
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the affine Yokonuma-Hecke algebra Ŷr,n(q) and gave explicit formulae for all irreducible
representations of Yr,n(q) over C(q), and obtained a semisimplicity criterion for it. In
their subsequent paper [ChPA2], they studied the representation theory of the affine
Yokonuma-Hecke algebra Ŷr,n(q) and the cyclotomic Yokonuma-Hecke algebra Y
d
r,n(q).
In particular, they gave the classification of irreducible representations of Ydr,n(q) in the
generic semisimple case. We [CWa] gave the classification of the simple Ŷr,n(q)-modules
as well as the classification of the simple modules of the cyclotomic Yokonuma-Hecke al-
gebras over an algebraically closed field K of characteristic p such that p does not divide
r. Rostam [Ro] proved that the cyclotomic Yokonuma-Hecke algebra is a particular case
of cyclotomic quiver Hecke algebras. In the past several years, the study of affine and
cyclotomic Yokonuma-Hecke algebras has made substantial progress; see [ChPA1-2, ChS,
C1-4, CWa, ER, JaPA, Lu, PA2, Ro].
1.3. Inspired by the work [Ra1], in this paper we classify and construct irreducible
calibrated representations of affine Yokonuma-Hecke algebras Ŷr,n(q) over C, which are
indexed by r-tuples of placed skew shapes. We then develop several applications of this
result. In the appendix, inspired by [Ru], we give a complete classification of irreducible
completely splittable representations of degenerate affine Yokonuma-Hecke algebras Dr,n
and the wreath product (Z/rZ) ≀Sn over an algebraically closed field of positive charac-
teristic p such that p does not divide r.
This paper is organized as follows. In Section 2, we recall some definitions and prop-
erties. In Section 3, we present a complete classification and construction of irreducible
calibrated representations of Ŷr,n(q) over C. In Section 4, we develop several applica-
tions of this classification result. In Section 5 (Appendix), we classify and construct the
irreducible completely splittable representations of degenerate affine Yokonuma-Hecke al-
gebras Dr,n and the wreath product (Z/rZ) ≀ Sn over an algebraically closed field of
positive characteristic p such that p does not divide r.
2. The definition and properties of affine Yokonuma-Hecke algebras
2.1. The definition of Ŷr,n(q). Fix an element q ∈ C
∗ which is not a root of unity.
Definition 2.1. The affine Yokonuma-Hecke algebra, denoted by Ŷr,n = Ŷr,n(q), is an
C-associative algebra generated by the elements t1, . . . , tn, g1, . . . , gn−1,X
±1
1 , in which the
generators t1, . . . , tn, g1, . . . , gn−1 satisfy the following relations:
gigj = gjgi for all i, j = 1, . . . , n− 1 such that |i− j| ≥ 2,
gigi+1gi = gi+1gigi+1 for all i = 1, . . . , n− 2,
titj = tjti for all i, j = 1, . . . , n,
gitj = tsi(j)gi for all i = 1, . . . , n− 1 and j = 1, . . . , n,
tri = 1 for all i = 1, . . . , n,
g2i = 1 + (q − q
−1)eigi for all i = 1, . . . , n− 1,
(2.1)
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where si is the transposition (i, i + 1) in the symmetric group Sn on n letters, and for
each 1 ≤ i ≤ n− 1,
ei :=
1
r
r−1∑
s=0
tsi t
−s
i+1,
together with the following relations concerning the generators X±11 :
X1X
−1
1 = X
−1
1 X1 = 1,
g1X1g1X1 = X1g1X1g1,
giX1 = X1gi for all i = 2, . . . , n− 1,
tjX1 = X1tj for all j = 1, . . . , n,
(2.2)
Note that the elements ei are idempotents in Ŷr,n. The elements gi are invertible, with
the inverse given by
g−1i = gi − (q − q
−1)ei for all i = 1, . . . , n− 1. (2.3)
Let w ∈ Sn, and let w = si1 · · · sir be a reduced expression of w. By Matsumoto’s
lemma, the element gw := gi1gi2 · · · gir does not depend on the choice of the reduced
expression of w.
Let i, k ∈ {1, 2, . . . , n} and set
ei,k :=
1
r
r−1∑
s=0
tsi t
−s
k . (2.4)
Note that ei,i = 1, ei,k = ek,i, and that ei,i+1 = ei. It can be easily checked that the
following holds:
ej,kgi = giesi(j),si(k) for i = 1, . . . , n− 1 and j, k = 1, . . . , n. (2.5)
In particular, we have eigi = giei for all i = 1, . . . , n− 1.
We define inductively elements X2, . . . ,Xn in Ŷr,n by
Xi+1 := giXigi for i = 1, . . . , n− 1. (2.6)
Then it is proved in [ChPA1, Lemma 1] that we have, for any 1 ≤ i ≤ n− 1,
giXj = Xjgi for j = 1, 2, . . . , n such that j 6= i, i+ 1. (2.7)
Moreover, by [ChPA1, Proposition 1], we have that the elements t1, . . . , tn,X1, . . . ,Xn
form a commutative family, that is,
xy = yx for any x, y ∈ {t1, . . . , tn,X1, . . . ,Xn}. (2.8)
We shall often use the following identities (see [ChPA2, Lemma 2.3]): for 1 ≤ i ≤ n− 1,
giXi = Xi+1gi − (q − q
−1)eiXi+1,
giXi+1 = Xigi + (q − q
−1)eiXi+1,
giX
−1
i = X
−1
i+1gi + (q − q
−1)eiX
−1
i ,
giX
−1
i+1 = X
−1
i gi − (q − q
−1)eiX
−1
i .
(2.9)
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2.2. Combinatorics. λ = (λ1, . . . , λk) is called a partition of n if it is a finite sequence
of non-increasing nonnegative integers whose sum is n. We write λ ⊢ n if λ is a partition
of n, and we set |λ| := n. We shall identify a partition λ with a Young diagram, which is
the set
[λ] := {(i, j) | i ≥ 1 and 1 ≤ j ≤ λi}.
We shall regard λ as a left-justified array of boxes such that there exist λj boxes in the
j-th row for j = 1, . . . , k.
An r-partition of n is an ordered r-tuple λ = (λ(1), λ(2), . . . , λ(r)) of partitions λ(k)
such that
∑r
k=1 |λ
(k)| = n. If λ and µ are two r-partitions such that µ
(s)
i ≤ λ
(s)
i for all
i and 1 ≤ s ≤ r, we write µ ⊆ λ. The r-skew shape λ/µ consists of all boxes of λ
which are not in µ. The λ(i)/µ(i) (1 ≤ i ≤ r) is called the component of λ/µ, which
is a union of connected components. We shall label the boxes of an r-skew shape λ/µ
along major diagonals from southwest to northeast of the first component, and then along
major diagonals from southwest to northeast of the second component, and so on. If a
box contains the number i, we denote it by boxi. Let Sr,n denote the set of r-skew shapes
with n boxes.
Let λ/µ be an r-skew shape with n boxes. A standard tableau of shape λ/µ is a
labelling of the boxes in λ/µ with the numbers 1, 2, . . . , n such that the numbers strictly
increase from left to right along each row and from top to bottom down each column. Let
Std(λ/µ) denote the set of standard tableaux of shape λ/µ.
For each λ/µ ∈ Sr,n, a row reading tableau R of shape λ/µ is the standard tableau
where 1, 2, . . . , n appear from left to right across the rows of the first component, beginning
with its northeast most connected component, and then across the rows of the second
component, also beginning with its northeast most connected component, and so on. A
column reading tableau C of shape λ/µ is the standard tableau where 1, 2, . . . , n appear
from left to right across the columns of the first component, beginning with its southwest
most connected component, and then across the rows of the second component, also
beginning with its southwest most connected component, and so on.
The following lemma can be regarded as a generalization of [BW, Theorem 7.1] and
can be proved similarly.
Lemma 2.2. For each T ∈ Std(λ/µ), we denote by T(boxi) the element containing in
boxi of T. Let ni = |λ
(i)| − |µ(i)| for each 1 ≤ i ≤ r. We define a subgroup wT :=
wT1 × wT2 × · · · × wTr , where
wTi =
(
n1 + · · · + ni−1 + 1 n1 + · · ·+ ni−1 + 2 · · · n1 + · · ·+ ni−1 + ni
T(box(n1+···+ni−1+1)) T(box(n1+···+ni−1+2)) · · · T(box(n1+···+ni−1+ni))
)
.
Let C and R be the column reading and row reading tableaux of shape λ/µ. The map
Std(λ/µ)→ Sn, T 7→ wT
defines a bijection between Std(λ/µ) and the interval [wC, wR] in Sn (in the Bruhat ordr).
Next we give the definition of placed r-skew shapes, generalizing the constructions in
[Ra1]. Set R+ i[0, 2pi/ ln(q2)) = {a+ bi | a ∈ R, 0 ≤ b ≤ 2pi/ ln(q2)} ⊆ C. If q is a positive
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real number then the following map
R+ i[0, 2pi/ ln(q2)) −→ C∗
x 7−→ q2x = eln(q
2)x
is a bijection.
A pair (c,λ/µ) is called a placed r-skew shape if it consists of a skew shape λ/µ and
a content function
c: {boxes of λ/µ} −→ R+ i[0, 2pi/ ln(q2)) such that
c(boxj) ≥ c(boxi), if j > i and c(boxj)− c(boxi) ∈ Z,
c(boxj) = c(boxi) + 1, if and only if boxj and boxi are on adjacent diagonals,
c(boxj) = c(boxi), if and only if boxj and boxi are on the same diagonal.
This is a generalization of the usual notion of the content of a box in an r-partition.
The following lemma can be regarded as a generalization of [Ra1, Lemma 2.2] and can
be proved similarly.
Lemma 2.3. Let (c,λ/µ) be a placed r-skew shape with n boxes and let T be a standard
tableau of shape λ/µ. We denote by T|i the box of T containing i and p(T|i) the index of
the component in which the box is. Then the sequence
(p(T|1), . . . ,p(T|n), c(T|1), . . . , c(T|n))
uniquely determines the placed r-skew shape (c,λ/µ) and the standard tableau T.
2.3. The τ operators. Let J = {1, 2, . . . , r}.We now fix once and for all a total order on
the set of r-th roots of unity via setting ζk := ζ
k−1 for 1 ≤ k ≤ r. Set S := {ζ1, ζ2, . . . , ζr}.
A finite dimensional Ŷr,n-module is called calibrated if it has a basis {wt} such that for
all 1 ≤ i ≤ n and all wt, we have
Xiwt = νiwt for some νi ∈ C
∗, tiwt = ζjiwt for some ζji ∈ S.
Let X be the abelian group generated by the elements X±11 , . . . ,X
±1
n of Ŷr,n and let
V denote by all the group homomorphisms from X to C∗, which can be identified with
(C∗)n by identifying the element ν = (ν1, . . . , νn) ∈ (C
∗)n with the homomorphism given
by ν(Xi) = νi for all 1 ≤ i ≤ n.
Let M be a finite dimensional Ŷr,n-module. For each ν = (ν1, . . . , νn) ∈ V and j =
(j1, . . . , jn) ∈ J
n, we define the weight spaces and generalized weight spaces of M by
M(ν,j) = {w ∈M | (Xa − νa)w = (ta − ζja)w = 0 for all 1 ≤ a ≤ n}. (2.10)
and
Mgen(ν,j) = {w ∈M | (Xa − νa)
Nw = (ta− ζja)w = 0 for all 1 ≤ a ≤ n and N ≫ 0}, (2.11)
respectively. By definition, we have M(ν,j) ⊆ M
gen
(ν,j) and M is calibrated if and only if
M(ν,j) = M
gen
(ν,j) for all ν ∈ V and j ∈ J
n. Since the elements Xi, ti, for all 1 ≤ i ≤ n,
pairwise commute, by Cayley-Hamilton theorem, we have
M =
⊕
(ν,j)∈V×Jn
Mgen(ν,j).
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The weights of M are elements of the following set
supp(M) = {(ν, j) ∈ V × Jn |Mgen(ν,j) 6= 0}.
An element of M(ν,j) is called a weight vector of weight (ν, j).
Assume thatM is a finite dimensional Ŷr,n-module and an element (ν, j) = ((ν1, . . . , νn),
(j1, . . . , jn)) ∈ supp(M). For each 1 ≤ i ≤ n − 1 such that νi 6= νi+1 and ji = ji+1, we
define
τi : M
gen
(ν,j) −→ M
gen
(siν,sij)
w 7−→
(
gi −
(q−q−1)Xi+1
Xi+1−Xi
)
w;
for each 1 ≤ i ≤ n− 1 such that ji 6= ji+1, we define τiw = giw.
It is easy to see that the map τi is well-defined. The following lemma is proved in [C3,
Lemma 2.9].
Lemma 2.4. For each finite dimensional Ŷr,n-module M and (ν, j) ∈ supp(M), we have
τiXi+1 = Xiτi, Xi+1τi = τiXi if νi 6= νi+1 and ji = ji+1; (2.12)
τiXj = Xjτi if j 6= i, i + 1; (2.13)
τiτj = τjτi if |i− j| > 1; (2.14)
τ2i =
(qXi+1 − q
−1Xi)(qXi − q
−1Xi+1)
(Xi+1 −Xi)(Xi −Xi+1)
if νi 6= νi+1 and ji = ji+1; (2.15)
τiτi+1τi = τi+1τiτi+1 if νi, νi+1, νi+2 are different from each other. (2.16)
Let us state the following two facts, which are used in the next section. Assume that
M is a finite dimensional Ŷr,n-module and w(ν,j) is a weight vector in M of weight (ν, j).
(2.5a) If νi 6= νi+1 and ji = ji+1, then
τiw(ν,j) =
(
gi −
(q − q−1)νi+1
νi+1 − νi
)
w(ν,j)
is a weight vector of weight (siν, j).
(2.5b) By (2.15), we have
τ2i w(ν,j) =
(qνi+1 − q
−1νi)(qνi − q
−1νi+1)
(νi+1 − νi)(νi − νi+1)
w(ν,j).
Thus, if ji = ji+1, νi 6= νi+1 and νi 6= q
±2νi+1, then τiw(ν,j) 6= 0.
3. Classification of irreducible calibrated representations
In this section, we present a complete classification and construction of irreducible
calibrated representations of Ŷr,n over C.
Theorem 3.1. Let (c,λ/µ) be a placed r-skew shape with n boxes. Let Ŷ (c,λ/µ) be the
C-vector space spanned by all wT, where T ∈ Std(λ/µ). We define an action of Ŷr,n on
Ŷ (c,λ/µ) by the following formulas:
tjwT = ζp(T|j)wT for j = 1, 2, . . . , n. (3.1)
XjwT = q
2c(T|j)wT for j = 1, 2, . . . , n. (3.2)
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For j = 1, 2, . . . , n− 1, if p(T|i) 6= p(T|i+ 1), we have
giwT = wsiT; (3.3)
if p(T|i) = p(T|i+ 1), then
giwT =
q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wT +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
wsiT, (3.4)
where σ(T) is the tableau obtained from T by applying σ on the numbers contained in the
boxes of T for any σ ∈ Sn. Then we have
(a) Ŷ (c,λ/µ) is an irreducible calibrated Ŷr,n-module.
(b) The modules Ŷ (c,λ/µ) for different (c,λ/µ) are non-isomorphic.
(c) Every irreducible calibrated Ŷr,n-module is isomorphic to Ŷ
(c,λ/µ) for some placed
r-skew shape (c,λ/µ).
Proof. The theorem can be proved in exactly the same way as in [Ra1, Theorem 4.1], and
we only emphasize the differences.
♣1 We show that the formulas in (3.1-3.4) define a Ŷr,n-module.
The representations of Ŷr,2 have been studied in [ChPA1, Section 3.4], which implies
that the relations g2i = 1 + (q − q
−1)eigi, giti = ti+1gi and giti+1 = tigi hold.
Since giwT is a linear combination of wT and wsiT, the relations gitj = tjgi, for j 6=
i, i+ 1, are also verified. The relations tri = 1 and titj = tjti are obviously true.
Then we verify the relations
Xi+1wT = giXigiwT for 1 ≤ i ≤ n− 1. (3.5)
If p(T|i) = p(T|i + 1), it follows from the representation theory of affine Hecke algebras
of type A. If p(T|i) 6= p(T|i+ 1), then siT is standard and we have
giXigiwT = giXiwsiT = q
2c(siT|i)giwsiT = q
2c(T|i+1)wT = Xi+1wT. (3.6)
Next we verify the relations
gigjwT = gjgiwT for |i− j| > 1. (3.7)
If p(T|i) = p(T|i + 1) and p(T|j) = p(T|j + 1), it follows from the representation theory
of affine Hecke algebras of type A.
Assume that p(T|i) 6= p(T|i + 1) and p(T|j) 6= p(T|j + 1). Then siT, sjT, sjsiT and
sisjT, and we have sisjT = sjsiT. Thus, gigjwT = wsisjT = wsjsiT = gjgiwT.
Next assume that p(T|i) 6= p(T|i + 1) and p(T|j) = p(T|j + 1). Then siT is standard
and we have
gigjwT =
q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wsiT +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
gi(wsjT) (3.8)
and
gjgiwT =
q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wsiT +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
wsjsiT. (3.9)
If sjT is standard, then giwsjT = wsisjT = wsjsiT; if sjT is not standard, then sjsiT = sisjT
is not standard either, and giwsjT = 0 = wsjsiT. In any case, we have gigjwT = gjgiwT.
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The case that p(T|i) = p(T|i+ 1) and p(T|j) 6= p(T|j + 1) can be dealt with similarly.
Finally we verify the relations
gigi+1giwT = gi+1gigi+1wT for 1 ≤ i ≤ n− 1. (3.10)
If p(T|i) = p(T|i+1) = p(T|i+2), it again follows from the representation theory of affine
Hecke algebras of type A.
Assume that p(T|i), p(T|i+ 1), p(T|i+ 2) are different from each other, then we have
gigi+1giwT = wsisi+1siT = wsi+1sisi+1T = gi+1gigi+1wT. (3.11)
Assume that p(T|i) = p(T|i + 1) 6= p(T|i + 2). Then si+1T and sisi+1T are standard
and we have
gigi+1giwT = gigi+1
(q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wT +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
wsiT
)
(3.12)
= gi
(q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wsi+1T +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
gi+1wsiT
)
(3.13)
=
q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wsisi+1T +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
gigi+1wsiT (3.14)
and
gi+1gigi+1wT =
q2c(T|i+1)(q − q−1)
q2c(T|i+1) − q2c(T|i)
wsisi+1T +
q2c(T|i+1)+1 − q2c(T|i)−1
q2c(T|i+1) − q2c(T|i)
wsi+1sisi+1T. (3.15)
If siT is standard, then si+1siT and sisi+1siT are standard, and gigi+1wsiT = wsisi+1siT =
wsi+1sisi+1T; if siT is not standard, then si+1siT and sisi+1siT are not standard either, and
gigi+1wsiT = 0 = wsisi+1siT = wsi+1sisi+1T. In any case, we have gigi+1wsiT = wsi+1sisi+1T.
The cases that p(T|i) 6= p(T|i + 1) = p(T|i + 2) and p(T|i) = p(T|i + 2) 6= p(T|i + 1)
can be dealt with similarly. We skip the details.
♣2 The Ŷr,n-module Ŷ
(c,λ/µ) is irreducible.
For each 1 ≤ k ≤ n, we define the following two sets:
C(k) := {q2c(T|k) | T ∈ Std(λ/µ) for some λ/µ ∈ Sr,n},
and
C(k) := {ζp(T|k) | T ∈ Std(λ/µ) for some λ/µ ∈ Sr,n}.
Let T be a standard tableau of shape λ/µ. We define
piT =
n∏
k=1
( ∏
c∈C(k)
c 6=q2c(T|k)
Xk − c
q2c(T|k) − c
·
∏
c¯∈C(k)
c¯ 6=ζp(T|k)
tk − c¯
ζp(T|k) − c¯
)
. (3.16)
We have piTwQ = δTQwT for all Q ∈ Std(λ/µ), which follows from Lemma 2.3.
Assume that M is a nonzero submodule of Ŷ (c,λ/µ) and w =
∑
aQwQ is a nonzero
element of M . Let T be some standard tableau such that the coefficient aT is nonzero.
Then piTw = aTwT, and so wT ∈M.
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By Lemma 2.2, we can identify Std(λ/µ) with an interval in Sn. Under this identifi-
cation, there exists a chain C < si1C < · · · < sip · · · si1C = T such that all elements of the
chain are standard tableaux of shape λ/µ. By definition, we have
τi1 · · · τipwT = ρwC
for some ρ ∈ C∗. So we have wC ∈M.
Let Q be an arbitrary standard tableau of shape λ/µ. Again, there exists a chain
C < sj1C < · · · < sjp · · · sj1C = Q of standard tableaux of shape λ/µ. We have
τjp · · · τj1wC = ρ
′wQ
for some ρ′ ∈ C∗. So we have wQ ∈ M. It follows that M = Ŷ
(c,λ/µ) and Ŷ (c,λ/µ) is
irreducible.
♣3 The Ŷr,n-modules Ŷ
(c,λ/µ) for different (c,λ/µ) are non-isomorphic.
It follows from Lemma 2.3.
♣4 If (ν, j) = ((ν1, . . . , νn), (j1, . . . , jn)) is a weight of an irreducible calibrated Ŷr,n-
module, then for 1 ≤ i ≤ n, we have vi = q
2c(T|i) and ji = ζp(T|i) for some standard
tableau T of placed r-skew shape.
♣5 Suppose that M is an irreducible calibrated Ŷr,n-module and that wν is a weight
vector in M of weight (ν, j) such that νi = q
±2νi+1 and ji = ji+1. Then we have τiwν = 0.
♣6 Any irreducible calibrated Ŷr,n-moduleM is isomorphic to Ŷ
(c,λ/µ) for some placed
r-skew shape λ/µ.
The claims ♣4-6 can be proved in exactly the same way as in [Ra1, Theorem 4.1 Steps
4-6]. We skip the details. 
4. Applications
In this section, we shall give several applications of Theorem 3.1.
4.1. Restriction and induction. Let Yr,n be the subalgebra of Ŷr,n generated by t1, . . . ,
tn, g1, . . . , gn−1, which is identified the Yokonuma-Hekce algebra. Since q is not a root of
unity, Yr,n is semisimple and its irreducible representations are indexed by r-partitions
of n. The following theorem describes the decomposition of the irreducible Ŷr,n-module
Ŷ (c,λ/µ) when it is restricted to the subalgebra Yr,n.
Theorem 4.1. Let Ŷ (c,λ/µ) be the irreducible calibrated representation of Ŷr,n, which is
constructed in Theorem 3.1. Then we have
Ŷ (c,λ/µ)
yŶr,n
Yr,n
=
∑
ν
cλµνY
ν , (4.1)
where ν runs over all r-partitions of n and Y ν is the irreducible Yr,n-module indexed
by ν. Moreover, cλµν := c
λ(1)
µ(1)ν(1)
· · · cλ
(r)
µ(r)ν(r)
, here each cλ
(i)
µ(i)ν(i)
is the classical Littlewood-
Richardson coefficient.
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Remark 4.2. The classical Littlewood-Richardson coefficient describes the decomposi-
tion of an irreducible representation of Sk×Sl when it is induced toSk+l. By generalizing
this, it has been proved in [St, Theorem 4.5] (also [IJS, Theorem 4.7]) that the cλµν de-
scribes the decomposition of an irreducible representation of G(r, 1, k)×G(r, 1, l) when it
is induced to G(r, 1, k + l), where G(r, 1, k) denotes the wreath product (Z/rZ) ≀Sk.
Theorem 4.1 gives a new way of interpreting these coefficients. Then describes the
decomposition of the restriction to Yr,n of an irreducible calibrated Ŷr,n-module Ŷ
(c,λ/µ).
Fix k and l such that k + l = n. Let Ŷr,k be the subalgebra of Ŷr,n generated by gi,
1 ≤ i ≤ k − 1, X±1j and tj, 1 ≤ j ≤ k; let Ŷr,l be the subalgebra of Ŷr,n generated by
gi, k + 1 ≤ i ≤ n − 1, X
±1
j and tj, k + 1 ≤ j ≤ n. In this way, Ŷr,k ⊗ Ŷr,l is naturally a
subalgebra of Ŷr,n.
Let (a,θ) = (a, (θ(1), . . . , θ(r))) be a placed r-skew shape with k boxes and let (b,φ) =
(b, (φ(1), . . . , φ(r))) be a placed r-skew shape with l boxes. We label the boxes of θ(i)
with the numbers ki−1 + 1, . . . , ki along major diagonals from southwest to northeast for
1 ≤ i ≤ r, where k0 = 1 and ki = |θ
(i)|. Similarly, we label the boxes of φ(i) with the
numbers k + li−1 + 1, . . . , k + li along major diagonals from southwest to northeast for
1 ≤ i ≤ r, where l0 = 1 and li = |φ
(i)|. Let Ŷ (a,θ) and Ŷ (b,φ) be the irreducible calibrated
representations of Ŷr,k and Ŷr,l defined in Theorem 3.1.
In the following we always assume that (a,θ) and (b,φ) are such that
a(box(ki)) + 1 = b(box(k+li−1+1)).
Let θ(i) ∗v φ
(i) (resp. θ(i) ∗h φ
(i)) be the skew shape by placing θ(i) and φ(i) adjacent to
each other in such a way that box(k+li−1+1) of φ
(i) is immediately above (resp. to the
right of) box(ki) of θ
(i).
Let S be the set of the sequences by permuting the numbers 1, 2, . . . , n. For each
0 ≤ s ≤ r and {i1, . . . , is, j1, . . . , jr−s} ∈ S, we define
(θ ∗ φ)(i1,...,is,j1,...,jr−s) = (θ
(1) ∗w1 φ
(1), . . . , θ(r) ∗wr φ
(r)),
where wi1 = · · · = wis = v and wj1 = · · · = wjr−s = h.
Theorem 4.3. With notations and assumptions as above, we have
Ind
Ŷr,n
Ŷr,k⊗Ŷr,l
(Ŷ (a,θ) ⊗ Ŷ (b,φ)) =
∑
0≤s≤r
{i1,...,is,j1,...,jr−s}∈S
(θ ∗ φ)(i1,...,is,j1,...,jr−s). (4.2)
4.2. Simple Y dr,n-modules and its center. Let d ≥ 1 and v1, . . . , vd be some invertible
elements of C. Set f1 := (X1 − v1) · · · (X1 − vd). Let Jd denote the two-sided ideal of Ŷr,n
generated by f1. We define the cyclotomic Yokonuma-Hecke algebra Y
d
r,n = Y
d
r,n(q) to be
the quotient
Y dr,n = Ŷr,n/Jd.
Let λ/µ be an r-skew shape with n boxes. We define
NW(λ/µ) = {northwest cornor boxes of components of λ/µ}.
CALIBRATED REPRESENTATIONS 11
Lemma 4.4. Fix v1, . . . , vd ∈ C
∗ and let (c,λ/µ) be a placed r-skew shape with n boxes.
If
{q2c(b) | b ∈ NW(λ/µ)} ⊆ {v1, . . . , vd},
then the Ŷr,n-module Ŷ
(c,λ/µ) defined in Theorem 3.1 is a simple Y dr,n-module.
Proof. By the formula in Theorem 3.1, the matrix ρ(X1) of action of X1 is diagonal with
eigenvalues q2c(T|1) for T ∈ Std(λ/µ). The boxes T|1, T ∈ Std(λ/µ), are exactly the
northwest corner boxes of λ/µ. Thus, the minimal polynomial of ρ(X1) is
p(t) =
∏
b∈NW(λ/µ)
(t− q2c(b)).
We are done. 
Theorem 4.5. If Y dr,n is semisimple, then its simple modules are exactly the modules
Ŷ (c,λ) constructed in Lemma 4.4, where λ = ((λ
(1)
1 , . . . , λ
(1)
d ), . . . , (λ
(r)
1 , . . . , λ
(r)
d )) is an
r-tuple of d-partitions with n boxes and c is the content function determined by
q2c(b) = vi if b is the northwest corner box of λ
(s)
i for any 1 ≤ s ≤ r.
Let PCn (T ) be the subalgebra of Y
d
r,n generated by t1, . . . , tn and X
±1
1 , . . . ,X
±1
n . Set
PCn (T )
Sn ={
∑
dα,βX
αtβ∈PCn (T )|
∑
dα,βX
αtβ=
∑
dα,βX
wαtwβ for any w ∈ Sn}.
Theorem 4.6. If Y dr,n is semisimple, then its center is P
C
n (T )
Sn .
Proof. It follows from [CWa, Theorem 2.7]. 
4.3. Irreducible calibrated Ŷ pr,n-modules. Let us first recall the presentation of (Z/rZ)-
framed affine braid group (Z/rZ) ≀Baffn , which is given in [ChPA2, (6.5)]. It is generated
by X1, g1, . . . , gn−1, t1, . . . , tn with the relations:
X1g0X1g0 = g0X1g0X1,
X1gi = giX1 for all i = 2, . . . , n− 1,
gigj = gjgi for all i, j = 1, . . . , n− 1 such that |i− j| ≥ 2,
gigi+1gi = gi+1gigi+1 for all i = 1, . . . , n− 2,
titj = tjti for all i, j = 1, . . . , n,
gitj = tsi(j)gi for all i = 1, . . . , n− 1 and j = 1, . . . , n,
tri = 1 for all i = 1, . . . , n,
X1tj = tjX1 for all j = 1, . . . , n.
(4.3)
We shall denote (Z/rZ) ≀ Baffn by B
∞
r,1,n. Let κ : B
∞
r,1,n → Z is the group homomorphism
defined by κ(X1) = 1, κ(tj) = κ(gi) = 0 for 1 ≤ j ≤ n and 1 ≤ i ≤ n − 1. Let B
∞
r,p,n be
the subgroup of B∞r,1,n, which is defined by
B∞r,p,n = {b ∈ B
∞
r,p,n | κ(b) = 0 (mod p)}.
We define Xi+1 := giXigi for 1 ≤ i ≤ n − 1. Set X
εi = Xi for 1 ≤ i ≤ n, where εi
(1 ≤ i ≤ n) is a basis of Rn. Set L :=
∑n
i=1 Zεi. For any λ = λ1ε1 + · · · + λnεn ∈ L, we
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set Xλ := Xλ11 · · ·X
λn
n . Let
Q =
n∑
i=2
Z(εi − εi−1) and Lp = Q+
n∑
i=1
pZεi.
Then B∞r,p,n be the subgroup of B
∞
r,1,n generated by X
λ with λ ∈ Lp, gi with 1 ≤ i ≤ n−1,
and tj with 1 ≤ j ≤ n.
Let Ŷ pr,n be the quotient of the group algebra CB∞r,p,n by the following relation:
g2i = 1 + (q − q
−1)eigi for 1 ≤ i ≤ n− 1.
Thus, the following set
{ta11 · · · t
an
n X
λgw | 0 ≤ a1, . . . , an ≤ r − 1, λ ∈ Lp, w ∈ Sn}
gives a basis of Ŷ pr,n.
Let ζ = e2pii/p be a primitive p-th root of unity. The following result gives another
description of Ŷ pr,n, which allows us to apply the Clifford theory developed in [RaR, Ap-
pendix].
Theorem 4.7. The algebra automorphism σ : Ŷr,n → Ŷr,n defined by
σ(X1) = ζX1, σ(gi) = gi for 1 ≤ i ≤ n− 1, σ(tj) = tj for 1 ≤ j ≤ n
gives rise to an action of the group Z/pZ = {1, σ, . . . , σp−1} on Ŷr,n. Moreover, the set of
fixed points of the Z/pZ-action is exactly Ŷ pr,n.
If (c,λ/µ) is a placed r-skew shape with n boxes and σ ∈ Z/pZ, we define
σ(c,λ/µ) = (c− αi/p,λ/µ),
where α = 2pi/ln(q2) and c−αi/p denotes the content function defined by (c−αi/p)(b) =
c(b) − αi/p for all boxes b ∈ λ/µ. Let K(c,λ/µ) be the stabilizer of (c,λ/µ) under the
action of Z/pZ, and k be the smallest integer between 1 and p such that
q2σ
k(c)(b) = q2c(b) for all b ∈ λ/µ.
Then K(c,λ/µ) = {σ
kl | 0 ≤ l ≤ |K(c,λ/µ)| − 1}. We define the element
pj =
|K(c,λ/µ)|−1∑
l=0
(ζ−jk)lσkl (4.4)
is the minimal idempotent of the group algebra CK(c,λ/µ) corresponding to the irreducible
character ηj , where ηj is given explicitly by
ηj : K(c,λ/µ) → C, σ
k 7→ ζjk.
It follows from a standard double centralizer result that, as a (Ŷ pr,n,K(c,λ/µ))-bimodule,
we have
Ŷ (c,λ/µ) ∼=
|K(c,λ/µ)|−1⊕
j=0
Ŷ (c,λ/µ,j) ⊗K(j), (4.5)
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where Ŷ (c,λ/µ,j) = pjŶ
(c,λ/µ) and K(j) is the irreducible K(c,λ/µ)-module with character
ηj . Applying [RaR, Theorem A.13] we get the following result.
Theorem 4.8. Let (c,λ/µ) be a placed r-skew shape with n boxes and let Ŷ (c,λ/µ) be
the irreducible calibrated Ŷr,n-module, which is constructed in Theorem 3.1. Let K(c,λ/µ)
be the stabilizer of (c,λ/µ) under the action of Z/pZ. If pj is the minimal idempotent
of K(c,λ/µ) defined in (4.4), then Ŷ
(c,λ/µ,j) = pj Ŷ
(c,λ/µ) is an irreducible calibrated Ŷ pr,n-
module. Moreover, all the irreducible calibrated Ŷ pr,n-modules can be obtained in this way.
4.4. Simple Y d,pr,n -modules. Let us return to §4.2 and consider a particular case. Assume
that p divides d and e = d/p. For fixed x0, . . . , xe−1 ∈ C
∗, we define, for 1 ≤ j ≤ d,
vj = ζ
kxl if j − 1 = lp+ k with unique 0 ≤ l ≤ e− 1 and 0 ≤ k ≤ p− 1.
Then we have
(X1 − v1)(X1 − v2) · · · (X1 − vd) = (g
p
1 − x
p
0)(g
p
1 − x
p
1) · · · (g
p
1 − x
p
e−1).
We define the algebra Y d,pr,n as the subalgebra of Y dr,n generated by the elements:
a0 = X
p
1 , a1 = X
−1
1 g1X1, ai = gi−1 for 2 ≤ i ≤ n, tj for 1 ≤ j ≤ n.
We have a natural surjective homomorphism from Ŷ pr,n to Y
d,p
r,n . Assume that λ =
((λ
(1)
1 , . . . , λ
(1)
d ), . . . , (λ
(r)
1 , . . . , λ
(r)
d )) is an r-tuple of d-partitions with n boxes. We shall
regard each d-partition (λ
(h)
1 , . . . , λ
(h)
d ) as e groups of p-partitions, so that we can write
λ = (λ
(h)
(l,k)) for 1 ≤ h ≤ r, 0 ≤ l ≤ e− 1 and 0 ≤ k ≤ p− 1.
Moreover, we define the content of a box b of λ as
ct(b) = ζkxlq
2(j−i) if b is in position (i, j) in λ
(h)
(l,k).
For each (r, e, p)-partition λ = (λ
(h)
(l,k)) and σ ∈ Z/pZ, we define an action of σ on λ as
σ(λ) = (λ
(h)
(l,k−1)) such that ct(σ(b)) = ζ
−1ct(b). Let Kλ be the stabilizer of λ under the
action of Z/pZ and fλ is the smallest integer between 1 and p such that σ
fλ(λ) = λ.
By [ChPA2, Proposition 4.6], the irreducible representations of Y dr,n are indexed by
r-tuple of d-partitions. For each such λ, we denote by V λ the corresponding irreducible
representations of Y dr,n.
It follows from a standard double centralizer result that, as a (Y dr,n,Kλ)-bimodule, we
have
V λ ∼=
|Kλ|−1⊕
j=0
V λ,j ⊗ Z(j),
where V λ,j is a Y d,pr,n -module and Z(j) is the irreducible Kλ-module with character ηj ,
which is given explicitly by
ηj : Kλ → C, σ
fλ 7→ ζjfλ.
Applying [RaR, Theorem A.13] we get the following result.
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Theorem 4.9. With notations as above, the modules V λ,j , where λ runs over all r-tuple
of d-partitions and 0 ≤ j ≤ |Kλ| − 1, form a complete set of non-isomorphic irreducible
modules of Y d,pr,n .
5. Appendix. Completely splittable representations of degenerate affine
Yokonuma-Hecke algebras
In the appendix, we give a complete classification and construction of irreducible com-
pletely splittable representations of degenerate affine Yokonuma-Hecke algebras Dr,n and
the reflection groups of type G(r, 1, n) over an algebraically closed field K of characteristic
p > 0 such that p does not divide r. Let I = Z · 1 ∼= Zp.
Definition 5.1. The degenerate affine Yokonuma-Hecke algebra, denoted by Dr,n, is
an associative K-algebra generated by the elements t1, . . . , tn, f1, . . . , fn−1, x1, . . . , xn in
which the generators t1, . . . , tn, f1, . . . , fn−1 satisfy the following relations:
fifj = fjfi for all i, j = 1, . . . , n− 1 such that |i− j| ≥ 2;
fifi+1fi = fi+1fifi+1 for all i = 1, . . . , n− 2;
titj = tjti for all i, j = 1, . . . , n;
fitj = tsi(j)fi for all i = 1, . . . , n− 1 and j = 1, . . . , n;
tri = 1 for all i = 1, . . . , n;
f2i = 1 for all i = 1, . . . , n− 1,
(5.1)
together with the following relations concerning the generators x1, . . . , xn:
xixj = xjxi;
fixi+1 = xifi + ei;
fixj = xjfi for all j 6= i, i + 1;
tjxi = xitj for all i, j = 1, . . . , n.
(5.2)
Remark 5.2. The degenerate affine Yokonuma-Hecke algebra Dr,n is in fact a special
case of the wreath Hecke algebra Hn(G) defined in [WaW, Definition 2.4] when G = Cr
is the cyclic group of order r; see also [RaS].
We always consider the category RepIDr,n of integral representations of Dr,n, which
consists of the finite dimensional modules on which the generators xi’s have eigenvalues
lying in I. Recall that J = {1, 2, . . . , r}.
Definition 5.3. For M ∈ RepIDr,n and (α, j) = ((α1, . . . , αn), (j1, . . . , jn)) ∈ I
n × Jn,
we define the (α, j)-weight space of M by
M(α,j) = {m ∈M | (Xi − αi)
Nm = (ti − ζji)m = 0 for all 1 ≤ i ≤ n and N ≫ 0}. (5.3)
By the Cayley-Hamilton theorem, we have M =
⊕
(α,j)∈In×Jn M(α,j).
Definition 5.4. A module M ∈ RepIDr,n is called completely splittable if the xi’s act
semisimply on it.
The following lemma follows easily from [WaW, Theorem 5.16] and [Ru, Theorem 2.13].
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Lemma 5.5. Assume that M ∈ RepIDr,n is irreducible and completely splittable. Then
for all weights (α, j) = ((α1, . . . , αn), (j1, . . . , jn)) ∈ I
n × Jn of M and all 1 ≤ i < n, we
have αi 6= αi+1 whenever ji = ji+1.
Proposition 5.6. Assume that M ∈ RepIDr,n is irreducible and completely splittable.
Let (α, j) = ((α1, . . . , αn), (j1, . . . , jn)) ∈ I
n × Jn be a weight of M , and let w(α,j) be a
nonzero weight vector of weight (α, j). Then for all 1 ≤ i < n, we have
(i) If ji 6= ji+1, w(siα,sij) := fiw(α,j) is a weight vector of weight (siα, sij), and it is not
proportional to w(α,j).
(ii) If ji = ji+1 and αi+1 = αi ± 1, fiw(α,j) = ±w(α,j).
(iii) If ji = ji+1 and αi+1 6= αi ± 1, then
w(siα,j) :=
(
fi −
1
αi+1 − αi
)
w(α,j)
is a weight vector of weight (siα, j). The elements xi, xi+1, fi act on the basis {w(α,j), w(siα,j)}
in the following way:
xi =
(
αi 0
0 αi+1
)
, xi+1 =
(
αi+1 0
0 αi
)
, fi =
(
(αi+1 − αi)
−1 1− (αi+1 − αi)
−2
1 (αi − αi+1)
−1
)
.
First we consider the case that p = 2. In this case, we have I = {0, 1}. Let Cont2(Dr,n)
be the set of all the sequences (α, j) = ((α1, . . . , αn), (j1, . . . , jn)) ∈ I
n × Jn such that
αi 6= αi+1 whenever ji = ji+1. We call si admissible if ji 6= ji+1. We put an equivalence
relation ∼ on Cont2(Dr,n) by saying that α ∼ β if α can be obtained from β by a sequence
of admissible transpositions.
Theorem 5.7. Let λ ∈ Cont2(Dr,n)/ ∼ be an equivalence class. Then there exists an
irreducible completely splittable module Dλ whose weights are exactly the elements of λ.
Dλ has a basis {v(α,j) | (α, j) ∈ λ} with a Dr,n-action given by
tiv(α,j) = ζjiv(α,j) for 1 ≤ i ≤ n,
xiv(α,j) = αiv(α,j) for 1 ≤ i ≤ n,
If jk 6= jk+1 for some 1 ≤ k ≤ n − 1, we have fkv(α,j) = v(skα,skj); if jk = jk+1, we have
fkv(α,j) = v(α,j). Moreover, all the irreducible completely splittable representations of Dr,n
can be obtained in this way.
From now on, we always assume that p > 2.
Definition 5.8. We say a simple transposition si is admissible with respect to the weight
(α, j) if ji 6= ji+1 or αi+1 6= αi ± 1 whenever ji = ji+1.
Let us denote by Specp(Dr,n) the set of all weights occurring in irreducible completely
splittable modules of Dr,n.
Proposition 5.9. Let (α, j) ∈ Specp(Dr,n), and suppose that αi = αk for some 1 ≤
i < k ≤ n with ji = jk. Then we have {αi + 1, αi − 1} ⊆ {αi1 , . . . , αis}, where i + 1 ≤
i1, . . . , is ≤ k − 1 are all the elements such that ji1 = · · · = jis = ji = jk.
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Let (α, j) ∈ In × Jn be such that, whenever αi = αk for some 1 ≤ i < k ≤ n with
ji = jk, we have {αi + 1, αi − 1} ⊆ {αi1 , . . . , αis}, where i + 1 ≤ i1, . . . , is ≤ k − 1 are
all the elements such that ji1 = · · · = jis = ji = jk, then we call (α, j) a content vector
of length n. We write Contp(Dr,n) for the set of all such vectors, and put an equivalence
relation ∼ on Contp(Dr,n) by saying that α ∼ β if α can be obtained from β by a sequence
of admissible transpositions.
Theorem 5.10. Let λ ∈ Contp(Dr,n)/ ∼ be an equivalence class. Then there exists an
irreducible completely splittable module Dλ whose weights are exactly the elements of λ.
Dλ has a basis {v(α,j) | (α, j) ∈ λ} with a Dr,n-action given by
tiv(α,j) = ζjiv(α,j) for 1 ≤ i ≤ n,
xiv(α,j) = αiv(α,j) for 1 ≤ i ≤ n,
If jk 6= jk+1 for some 1 ≤ k ≤ n− 1, we have fkv(α,j) = v(skα,skj); if jk = jk+1, we have
fkv(α,j) = (αk+1 − αk)
−1v(α,j) +
√
1− (αk+1 − αk)−2v(siα,j),
where we take some fixed choice of square roots in K. Moreover, all the irreducible com-
pletely splittable representations of Dr,n can be obtained in this way.
We now apply the results obtained above to the modular representation theory of
the wreath product (Z/rZ) ≀ Sn. Recall that (Z/rZ) ≀ Sn, which is isomorphic to the
reflection group Wr,n of type G(r, 1, n), is generated by elements t1, . . . , tn, g1, . . . , gn−1
with relations:
trj = 1 for 1 ≤ j ≤ n, s
2
i = 1 for 1 ≤ i ≤ n− 1;
titj = tjti for 1 ≤ i, j ≤ n, sisi+1si = si+1sisi+1 for 1 ≤ i ≤ n− 1;
gitj = tsijgi for 1 ≤ i ≤ n− 1 and 1 ≤ j ≤ n, sisj = sjsi if |i− j| > 1.
We regard the group algebra KWr,n of Wr,n as the quotient of Dr,n obtained by letting
x1 = 0. Thus, for i ≥ 1, xi is sent to the i-th Jucys-Murphy element ξk defined by
ξk :=
k−1∑
i=1
r−1∑
s=0
tsi t
−s
k (i, k).
Definition 5.11. A KWr,n-moduleM is called completely splittable if the Jucys-Murphy
elements ξk’s act semisimply on it.
Definition 5.12. We define Specp(Wr,n) ⊂ Specp(Dr,n) to be a set consisting of weights
(α, j) ∈ Specp(Dr,n) which satisfy the additional conditions:
(1) αip1 = 0 for 1 ≤ p ≤ r, where i
p
1 < i
p
2 < · · · < i
p
sp are all the elements such that
jip1 = ji
p
2
= · · · = jipsp = p.
(2) For each i = 2, . . . , n, {αi + 1, αi − 1} ∩ {αi1 , . . . , αis} 6= ∅, where i1, . . . , is ∈
{1, . . . , i− 1} are all the elements such that ji1 = · · · = jis = ji.
Lemma 5.13. Specp(Wr,n) is exactly the set of weights occurring in irreducible completely
spplittable KWr,n-modules.
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Recall that if λ = (λ1 ≥ λ2 ≥ · · · ≥ λk > 0) is a p-regular partition of n, we say that λ
is a splittable shape if χ(λ) ≤ p, where χ(λ) = λ1 − λr + r. An r-splittable shape λ is an
r-partition of n such that each λ(i) is a splittable shape. If λ is an r-splittable shape, we
call a standard λ-tableau t p-standard if for any two of its entries ((i, j), k) and ((i′, j′), k′)
with k = k′, i > i′, j < j′, and i − i′ + j′ − j + 1 = p, we have t((i′, j′), k′) > t((i, j), k),
where t((i, j), k) denotes the entry of t in the i-th row and j-th column of t(k). We have
the following result.
Theorem 5.14. The simple completely splittable KWr,n-modules are indexed by r-splittable
shapes. The module Dλ corresponding to such a λ has a basis {vt} indexed by p-standard
tableaux of shape λ. For each nonzero weight vector vt, we have
tjvt = ζpjvt for each 1 ≤ j ≤ n;
givt = vsit for each 1 ≤ i ≤ n− 1 if pi 6= pi+1;
givt = (ci+1 − ci)
−1vt +
√
1− (ci+1 − ci)−2vsit if pi = pi+1,
where pi is the position of the box containing the number i and ci is the content of the
box containing i.
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